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Background: Ideal Performance
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High Temperature ïHigh Heat Rejection

Low Temperature ïLow Heat Rejection

Ideal Broadband Emittance 

Å High Temp: Ůå 1 

Å Low Temp: Ůå 0



Background: Characteristics of VO2

Å VO2 is an insulator-to-metal thermochromic material

Å Changes phase at 341 K (68 ºC)
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Insulating

Metallic

Å Silicon is only 54% transparent in the mid-infrared

Å Incorporate VO2 in a multilayer structure to get variable Ů

Taylor et al., Thin Solid Films, submitted



Background: Emitter Design
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df = 25 nm

ds = 730 nm
Taylor et al., J. Quant. Spectrosc. Radiat. Transfer, 197,  76-83 (2017)



Background: Initial Experimental Results
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Presented as a poster at ICES2018

Å Consistent results for the last 3 samples fabricated

Å ~0.55 change in emissivity over short wavelengths

Å ~0.30 change in emissivity over longer wavelengths



Objectives

Modeling Objectives:
1. Determine what transition temperature range is required for human 

spaceflight applications

2. Determine the minimum emittance change required for the coating to 

have an appreciable turn down

3. Identify what types of missions would or would not benefit from variable 

emittance

4. Identify which radiator designs seem to be the most effective when using 

a variable emissivity coating
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Representative Spacecraft
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Flow in

Flow out

Body-mounted radiators 

that are discretized into 

N = 360 panels

Each panel is discretized 

into K blocks, each with 

their own independent 

emissivity

1. Fluid picks up heat from HX

2. Flow separates into 360 lines 

with equal flow rates

3. Heat is rejected by each 

separate fluid line/radiator panel

4. Flow is mixed to give average 

Toutlet



MATLAB Approach
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Initial Cases Considered
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Å Requirement 1: Average outlet temperature must be between 0 ºC and 10 ºC

Å Requirement 2: The temperature of each radiator panel must be above -10 ºC

Å Turndown percentage TD = lowest percentage of full load that can be reduced

to while still meeting requirements

QFHL = 8500 W



Other Considerations
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qòsol,avg

Radiator Area Sizing Panel Discretization

Results for both the hot case and 

cold case stop changing 

significantly after K = 10
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where qsol = 432.5 W/m2


